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Invasion history of Cardamine hirsuta in Japan inferred from population genetic analysis 
for herbarium specimens and current plants 
民1ultiple introductions are suggested to enhance invasion success of exotic species by an increase 
in genotypic diversity through frequent crossing among different lineages. However, such an 
increase is less likely in autogamous species. To understand the role of multiple introductions in 
autogamous species, 1 studied autogamous Cardαmine hirsuta invaded to Japan several decades 
ago and has expanded its distribution recent1y. 1 detected the temporal changes in its population 
structure by genetic analysis using 9 SSR markers for leaf samples collected in 87 sites around 
Japan in 2009 and 2010 and herbarium specimens collected during 1988-2007. To examine 
whether phenotypic variation coηesponded to the genetic population structure, 1 also 
investigated the relative 仕equencies of f10wers with 0, 1, and 2 lateral stamens, known 
geographic variation in this species, in 49 sites. The present populations could be divided into 
three genetic groups, which were distributed in northem, eastem, and westem Japan. This 
suggests that there are three invasive lineages (North, East, and West) and multiple introductions 
have occurred in Japan. The geographic variation in 1ateral stamen number could be account for 
the distributions of the three lineages. The distributions of the North and West lineages in the 
past almost coηesponded to those in the present. On the other hand, the East lineage seemed to 
have expanded into eastem Japan and have replaced with the previously distributed the North 
and West lineages during only a few decades. In autogamous species, it was suggested that the 
genetic diversity at the wider range level is maintained and local adaptation can occur by local 
replacement of new linages. 
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Chapter2 
How has phenotypic variation brought by multiple introductions influenced non-native 
population structure of Cardamine hirsuta? 
Cardamine hirsuta, a winter annual weed, introduced to Japan recently, and the North, East, and 
West lineages distribute in northem, eastem, and westem Japan, respectively. To examine the 
effects of their ecological traits on the process of their range expansions in Japan, 1 conducted 
growth experiments using seeds collected from 94 plants from 58 sites. Germinated plants of the 
three invasive lineages were grown under the same conditions, and 1 examined the differences in 
reproductive and vegetative traits among the three lineages, those in the responses of traits to 
different vemalization periods, and whether the traits were genetically differentiated within each 
lineage responding to the c1imate factors of the derived sites. 1 found that the three invasive 
lineages have brought different features in several traits to Japan. The North and East lineages 
showed later f10wering phenology and larger reproductive and vegetative mass than those in the 
West lineage. Reproductive performance of the West lineage dec1ined in the long vemalization 
condition. These suggested that the North and East lineages may adapt to long and severe winter, 
i.e. , avoiding 合ost damage in early spring by late f1owering, and the West linages may adapt to 
short and mild winter, i.e. , avoiding heat and dry stress in late spring by early f1owering. 
Within-lineage di能rentiationsresponding to c1imate factors of the derived cites were detected in 
the f10wering phenology of the North and East lineages, but not that of the West lineage. Thus, 
the former two lineages may have higher adaptability in the invaded regions probably due to 
their higher genetic diversity. These results suggested that the ecological traits of the lineages 
and their potential adaptability to new environments induced the replacement of distribution of 




Temperature-dependent fluctuation of stamen number in Cardamine hirsuta (Brassicaceae) 
Floral organ number is often fixed within families , and the basic f10ral ground plan of 
Brassicaceae is well conserved. Cardamine hirsuta L. (Brassicaceae) shows variation in lateral 
stamen number: i.e. , 0 ・ 2 lateral stamens. The aim of this study was to examine whether 
temperature conditions alter the stamen number. Temporal changes in the frequency of f10wers 
with 0, 1 and 2 lateral stamens were assessed during f10wering in a natural population and a 
garden-transplanted population in Japan. 1 conducted an experiment to evaluate how temperature 
regimes during f10wering (150CI150C and 150C/50C) alter the number of stamens. Flowers with 
o lateral stamens increased as the f10wering season progressed in both the natural and the 
garden-transplanted population. In the growth experiment, lateral stamen numbers f1uctuated 
even within individual inf1orescences, but the frequency of f10wers with 0 lateral stamens was 
higher in the high temperature condition compared with that in the low temperature condition. 
Temperature-dependent phenotypic plasticity is likely to be the cause of the field-observed 
variation in lateral stamen number of C. hirsuta. Developmentally unstable but partly 
temperature-dependent production of the lateral stamen may be an indication of some epigenetic 











のような性質を持っているかを検証した。(i)を明らかにするために 87 地点 563 個体と賄樹票本









ミチタネツケバナは、短雄蕊 0 本の花 (4 本型)が大半を占め、短雄蕊 l 本の花 (5 本型)と、 2 本
の花 (6 本型)は低頻度で出現する。雄蕊数を決定する要因を解明するために、野外集団における雄
蕊数型の構成比変化を調べたところ、花期の初めには雄蕊 6 本型の花が多いが、花期の進行に伴
い 5 本型、 4 本型の割合が増加していった。これは、花期の気温が影響していることがわかった。
審査の結果、博士論文として相応しい素晴らしい研究成果であると評価された。
自立して研究活動を行うに必要な高度の研究能力と学識を有することを示している。したがっ
て，松橋彩衣子提出の論文は，博士(生命科学)の博士論文として合格と認める。
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